Introduction
Precise measurements of resistivity by the dc current technique require elimination of irrelevant factors such as thermal electromotive force (e.m.f.) effects. To achieve this, the voltage measurements on a sample studied should be performed at two opposite current directions and then properly averaged.
Relatively newly developed by Keithley Instruments, Inc. current source 6221 [1] combined with nanovoltmeter 2182 [2] allows to perform resistance tests at two alternating current directions executing so-called Delta measurements. To perform these Delta measurements the current source is to be connected to the nanovoltmeter by an RS-232 and a trigger cables. The current source 6221 (i) controls reversing the current and proper triggering of the voltage measurement by the nanovoltmeter, (ii) obtains the voltage values from the nanovoltmeter after receiving an external trigger from it, and (iii) finally computes the voltage eliminating the e.m.f. effect. In this assembly of the current source and nanovoltmeter Keithley uses the Delta procedure based on a three-point measurement scheme instead of the common two-point method, reducing the noise and therefore increasing the signal-to-noise ratio. Thus Keithley's current source 6221 and nanovoltmeter 2182 pair is an effective stand alone system for studying of one electric characteristic of a specimen under study. At the same time in some experiments it is important to measure not one but two (or more) independent voltages produced by the same current. One of the well known examples is simultaneous testing of a transverse (with respect to a magnetic field) magnetoresistance and Hall voltage. Therefore an experimental setup for simultaneous measurements of two voltage characteristics with utilization of the integrated capabilities of modern Keithley's devices might find its application in many laboratories.
Experimental
The proposed experimental setup consists of two current sources, two nanovoltmeters, and two pulse generators. For command and data communication each of two used current sources is connected by an RS-232 cable with one of the two nanovoltmeters. Thus in terms of the data stream the setup consists of two standard current source / nanovoltmeter pairs, i.e., each of the current sources processes data obtained from the corresponding nanovoltmeter.
The differences from the standard Delta measurements are (i) in the test leads connection and (ii) in organization of the triggering procedure. Thus only one current source, a dominant current source, sends a current through the sample. The second, or subordinate, current source is connected to a dummy resistor which value does not affect the experimental results. The same dominant current source also triggers both nanovoltmeters. The external trigger is to appear on the inputs of both nanovoltmeters when both current sources are ready to receive data from these nanovoltmeters. To make this happen the pulse generator is used to delay the trigger created by the dominant current source with respect to the trigger produced by the subordinate current source by about 6 ms. A trigger produced by subordinate current source is not used. A trigger coming from the pulse generator to a nanovoltmeter activates voltage measuring. When this measurement is completed the nanovoltmeter creates an output trigger. In the deployed system the trigger produced by the subordinate nanovoltmeter is not in use. Thus one dominant nanovoltmeter solely triggers both current sources signaling that the measurements on both nanovoltmeters are completed. This is why the second pulse generator is used to delay triggers from the dominant nanovoltmeter with respect to the trigger produced by the subordinate nanovoltmeter.
